The HGT-1 gastric cancer cell line was used to determine the actions of protein kinase C on the stimulation of adenylate cyclase by the human histamine H2 receptor, and the receptors for gastric inhibitory polypeptide and truncated glucagon like peptide 1 (TGLP-1). Suspensions of HGT-1 cells were preincubated with the activator of protein kinase C, 12-O-tetradecanoylphorbol 13-acetate (TPA, 100 nmol/l), for 10 minutes. The subsequent cyclic adenosine monophosphate (AMP) response to 0*5 mmol/l histamine or 100 nmoIl 
TGLP-1 was reduced by comparison with control cells preincubated in the absence of TPA. The cyclic AMP response to 100 nmoIl/ gastric inhibitory polypeptide was enhanced by preincubation with TPA, while the responses to cholera toxin and forskolin were unaffected. Preincubation with pertussis toxin prevented the enhancement of the gastric inhibitory polypeptide response by TPA, suggesting an involvement of an inhibitory guanine nucleotide regulatory subunit of the Gi class, but did not change the inhibition of histamine stimulation. In conclusion, activation of protein kinase C produces a specific inhibition of the effects of histamine and TGLP-1 on adenylate cyclase activity in a human gastric cancer cell line by acting at a site close to their receptors. (Gut 1993; 34: 953-957) Protein kinase C is the name given to a group of kinases, which when activated by diacylglycerol in the presence of phospholipids such as phosphatidylserine, phosphorylate proteins on serine or threonine. Some forms of protein kinase C require Ca2+ for activation.' Phorbol esters such as 12-O-tetradecanoylphorbol 13 tion of 15 p1 of toxin dissolved in 5 mmol/l Tris HCI, 174 mmol/l NaCl, 0 3 mmol/l NaN3, and 0-1 mmol/l EDTA to each 1 was added 30 or 10 minutes before challenge with histamine at 20°C, but TPA was ineffective if added at the same time as histamine (Fig 3) . The diacylglycerol analogue, I-oleoyl-2-acetylglycerol, at a concentration at which it inhibited histamine stimulated aminopyrine accumulation in parietal cells,4 had a similar inhibitory effect to I 100 nM TPA (Fig 3) .
Basal adenylate cyclase activities in a membrane fraction in the absence and presence of 100 nmol/l TPA were 4-2 (0 8) and 4-2 (0 6) pmol/10 minutes per 106 cells respectively. In the presence of histamine (0 5 It is necessary to establish that the effects of TPA on the cyclic AMP content of HGT-1 cells 'hedcy2i00c i were mediated through activation of protein ric inhibito kinase C. The halfmaximally effective concentraeach case and tions ofTPA were in the low nanomolar region or asked by the below, which indicates specificity, as does the 5sent, closed lack of effect of the inactive isomer 4a-TPA.
Furthermore, the inhibitor of protein kinase C, staurosporine, completely prevented the effects ofTPA on stimulation of the cyclic AMP content 0 ng/ml of by histamine, TGLP-1, and gastric inhibitory etachment polypeptide. Staurosporine stimulated the esponse to response to both histamine and gastric inhibitory h effect of polypeptide in the absence of TPA. This action rn of TPA cannot be interpreted as an inhibition by staurod to stimu-sporine of negative modulation of the histamine jT-1 cells H2 receptor by a basal activity ofprotein kinase C ic AMP in because similar effects were found with gastric The cyclic AMP content of cells can potenti-,lose to the ally be regulated at many sites. 18 A stimulation of ovided on the breakdown of cyclic AMP by the activation he gastric of a cyclic AMP phosphodiesterase is unlikely to zceptors in be responsible for the effects seen here. Such an action would have been expected to lower the uspension cyclic AMP content irrespective of the agonist ddition of used to stimulate the cells. The effects ofTPA on ill in cyclic intact HGT-1 cells are therefore likely to be phospho-mediated by effects on the activity of the adenyespite the late cyclase system, and this is supported by the ed not all direct effect of TPA on histamine stimulated adenylate cyclase activity in the isolated membrane fraction. Protein kinase C immunoreactivity has been detected in this fraction by protein blotting (J M Williams and P J Hanson, < unpublished data).
Forskolin produces a direct activation of the catalytic subunit of adenylate cyclase, while cholera toxin causes a permanent activation of the guanine nucleotide regulatory subunit, Gs. '8 and treatment of cells with pertussis toxin to remove the influence of Gi did not unmask an inhibitory effect of protein kinase C on the response to gastric inhibitory polypeptide. The sites of action for protein kinase C are likely to be close to the receptors for histamine and TGLP-1. Since pretreatment with TPA did not completely destroy histamine stimulated adenylate cyclase activity, it seems possible that the effect of phosphorylation by protein kinase C is to reduce the efficiency of coupling between the receptor and Gs rather than to abolish it completely. The C-terminal cytosolic portion of the human histamine H2 receptor2' exhibits several sites at which serines are flanked by basic residues and could therefore be a substrate for protein kinase C.22 It has also been suggested that protein kinase C uncouples a receptor for glucagon-29 from Gs by phosphorylating the receptor. ' In conclusion, this work shows negative modulation by protein kinase C of the stimulation ofadenylate cyclase by the human histamine H2 receptor. This finding could have implications for the regulation ofgastric acid secretion in normal and pathological states in man.
